Objective To model the reduction in premature deaths attributed to noncommunicable diseases if targets for reformulation of processed food agreed between the Portuguese health ministry and the food industry were met. Methods The 2015 co-regulation agreement sets voluntary targets for reducing sugar, salt and trans-fatty acids in a range of products by 2021. We obtained government data on dietary intake in 2015-2016 and on population structure and deaths from four major noncommunicable diseases over 1990-2016. We used the Preventable Risk Integrated ModEl tool to estimate the deaths averted if reformulation targets were met in full. We projected future trends in noncommunicable disease deaths using regression modelling and assessed whether Portugal was on track to reduce baseline premature deaths from noncommunicable diseases in the year 2010 by 25% by 2025, and by 30% before 2030. Findings If reformulation targets were met, we projected reductions in intake in 2015-2016 for salt from 7.6 g/day to 7.1 g/day; in total energy from 1911 kcal/day to 1897 kcal/day due to reduced sugar intake; and in total fat (% total energy) from 30.4% to 30.3% due to reduced trans-fat intake. This consumption profile would result in 248 fewer premature noncommunicable disease deaths (95% CI: 178 to 318) in 2016. We projected that full implementation of the industry agreement would reduce the risk of premature death from 11.0% in 2016 to 10.7% by 2021. Conclusion The co-regulation agreement could save lives and reduce the risk of premature death in Portugal. Nevertheless, the projected impact on mortality was insufficient to meet international targets.
Introduction
In 2017, 88% (96 587) of 109 758 deaths in the Portuguese population of 10 291 027 were attributed to noncommunicable diseases. 1 Portugal has committed to the United Nations sustainable development goal (SDG) target 3.4 to reduce premature mortality from noncommunicable diseases by one third by 2030 and the voluntary target to reduce these deaths by one quarter by 2025 from the baseline year 2010. To date, there have been no efforts to evaluate Portugal's performance against these targets.
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Dietary risk factors are the leading preventable cause of noncommunicable diseases morbidity and mortality in Portugal. 1, 2 In response to the increasing prevalence of noncommunicable diseases the government introduced the National Programme for the Promotion of Healthy Eating in 2012. 5, 6 According to national data, the mean daily intake of free sugars in 2015-2016 was 35 g/day and about 24% (2 600 00) of the population exceeded the World Health Organization (WHO) recommended limits for free-sugar consumption. Non-adherence to this recommendation was more prevalent among children (48.4%; 380 000) and adolescents (48.7%; 422 000). For salt intake, 76.4% (8 283 000) of the population exceed the WHO recommended upper limits for daily sodium consumption. Encouragingly, trans-fatty acids (TFAs) intake constituted more than 1% of the total energy intake for only 0.4% (43 000) of the population. 4 In 2017, Portugal introduced a consumption tax on sugarsweetened beverages. The tax was set at euro (€) 8.22 per hectolitre of finished product for drinks with < 80 g sugar/L, and €16.46 for finished products with > 80 g/L sugar. 7 Preliminary results from the first year of the tax implementation in 2017 showed that the mean energy content of sugar-sweetened beverages fell by 11% (from 30.92 kcal per 100 mL to 27.45 kcal per 100 mL). Sales of these drinks have decreased by almost 7% (from 538 million litres in 2016 to 503 million litres in 2017). 7 Inspired by the success of the tax, 8 the government proposed a salt tax to be levied on processed foods. The Portuguese parliament rejected this proposal and recommended instead introducing a co-regulation agreement with the food industry, whereby the government defines food reformulation targets and agrees a follow-up and accountability process with indus-try. If the targets are not met, stronger measures to promote reformulation, such as taxation, shall be implemented by the government. Such agreements have been adopted by several other countries. [9] [10] [11] [12] [13] [14] [15] The agreement, drafted by the Portuguese health ministry, included reformulation targets and public accountability guidelines on all processed foods high in salt, sugar and TFAs. 16 Guidelines were based on the recommendations of the European Commission's High-Level Group on Nutrition and Physical Activity [17] [18] [19] and an analysis of the consumption patterns of the population. 20, 21 A consensus was reached among different stakeholders (the Portuguese nutrition association, nutritionist college and consumer protection association) on several food categories that should be reformulated. Defining the targets for the year 2021 would follow a baseline assessment in December 2017 of the nutritional content of processed food products representing at least 80% of the market share. Building on a consultation with the relevant experts, researchers, health professionals and representatives from the food and health sectors, the health ministry established annual milestones as well as a final reformulation target for each food sector ( Table 1) . The values were derived from the experience of the United Kingdom of Great Britain and Northern Ireland and recommendations from the High Level Group on Nutrition and Physical Activity of the European Commission 11, 22 and the World Health Organization (WHO). 23 The reduction targets were 16% for salt, 20% for sugar and a limit of 2 g TFAs per 100 g of fat in margarines and shortening by 2021. The Portuguese government proposed additional targets for reducing salt in bread by 30% by 2021, corresponding to a maximum level of 1 g salt per 100 g of bread, and a limit of 1 g TFAs per 100 g of fat in pastry, by 2021.
We modelled the reduction in premature mortality associated with noncommunicable diseases that would be expected if the Portuguese government's co-regulation agreement with the food industry were established and the preliminary targets for food reformulation were met in full. We also aimed to analyse whether Portugal is on track to meet SDG targets to reduce premature mortality from noncommunicable diseases by 25% by 2025 and 33% by 2030.
Methods

Study design
In this modelling study carried out in May 2018, we used data on dietary intake, noncommunicable disease mortality and demographic data from 2016 to project how many lives could be saved in the same year if the industry co-agreement targets were met in full. We also modelled the trends in mortality from noncommunicable diseases in Portugal from 1990 to 2030 and what impact food reformulation would have on mortality trends.
Data sources
We used population data on food consumption for those aged 15-84 years, obtained from the Portuguese National Food, Nutrition and Physical Activity Survey conducted from October 2015 to September 2016. 4 The survey collected nationwide and regional data on dietary habits, physical activity and anthropometrics from a representative sample of the Portuguese general population aged between 3 months and 84 years. 24 Participants were selected from the national health registry by multistage sampling and 5811 individuals completed food consumption interviews, assessed by 24-hour recall. 25 The Portuguese directorate general of health provided data for the years 1990-2016 on the age (5-year age bands) and sex distribution of the population and the annual numbers of deaths attributed to four major noncommunicable diseases. The ministry codes deaths attributed to noncommunicable diseases using the International Statistical Classification of Diseases and Related Health Problems, 10th revision (ICD-10), as follows: circulatory system diseases (codes I00-I99); diabetes (E10-E14); malignant neoplasms (C00-C97); and chronic respiratory diseases (J30-J98).
Data analysis
Modelling changes in nutrient consumption
We used the Electronic Assessment Tool for 24 hours recall (eAT24) software 25 to convert food consumption data to intake of total energy (kcal/day), sodium (g/ day) and fat (% of total fat/day). We then used the Statistical Program to Assess Dietary Exposure software (Dutch National Institute for Public Health and the Environment, Bilthoven, Netherlands) to estimate the population's usual intake of nutrients, removing intra-individual variability. 26 We used the following formula to calculate the projected daily dietary intakes of nutrients if the co-regulation 
where y id corresponds to the total energy, sodium or percentage of fat of individual i at day d and x idf corresponds the consumption of individual i at day d of food item f. Taking the 2015-2016 levels of consumption of each food as the baseline, we predicted the intakes of total energy, sodium and fat by the population using the updated concentrations of nutrients after reformulation.
Modelling changes in premature mortality
To model reductions in premature noncommunicable disease deaths (that is deaths at ages 30-69 years), we used the Preventable Risk Integrated ModEl, Nov. 2017 version, an openly available statistical noncommunicable disease modelling tool. 27 The tool is currently being adopted by WHO Europe to help Member States estimate the impacts of changes in nutrition policy and hence prioritize noncommunicable disease policy options. Users input baseline data on mortality rates, population structure and behavioural risk factors (in this case, nutritional intake), along with a counterfactual scenario. The model predicts changes in mortality for any of 24 noncommunicable diseases, based on findings from international meta-analyses. 27 As the modelling tool is cross-sectional, we could only compare a historical scenario (the population mortality rates and dietary consumption in 2016) with a counterfactual scenario (where the population's consumption of salt, sugar and TFA was reduced) and calculate the expected number of deaths that would be observed in the same year.
The output of our analysis was the number of deaths that would have been averted in 2016 had the industry coregulation targets been met in full. In line with the targets listed in Table 1 , we modelled population sugar consumption reduced by 20%, salt consumption reduced by 16% (30% for bread), and complete elimination of trans-fats (which corresponds to achieving the targets previously identified). To model the impact of trans-fat reduction we calculated the percentage of total energy constituted by total fats. We reduced the calorie content of the sugar-related foods in Table 1 27 To model the change in risk of premature noncommunicable disease mortality from 1990-2016, we used linear projections to forecast future probability of death. These projections were based on estimates from weighted and non-weighted exponential and linear regressions models to project premature noncommunicable disease mortality to 2030. Weights were exponentially distributed and calculated to be inverse to time (i.e. more recent data was given a heavier weighting than older data). We optimized the weights to have minimum distance between the projections and the two most recent data points. To assess how the co-regulation agreement would impact Portugal's trajectory we re-ran the projection with the reduced noncommunicable disease deaths that were calculated by the Preventable Risk Integrated ModEl. Table 2 presents baseline data for mean intakes of salt, energy and fat derived from the 2016 Portuguese National Food, Nutrition and Physical Activity Survey, along with the projected values for 2016 if the food reformulation targets were met in full. We predicted reductions in mean intakes of salt from 7.6 g/day (standard deviation, SD: 2.3) to 7.1 g/day (SD: 2.2); total energy from 1911 kcal/day to 1897 kcal/day; and total fat as a percentage of total energy per day from 30.4% (SD: 4.8) to 30.3% (SD: 4.8). Table 3 shows the projected mean number of noncommunicable disease deaths averted in Portugal in 2016 if targets for reduction of sugar, salt and trans-fats intake by the population were achieved, by age, sex, disease and risk factor. Most of deaths averted would occur in those older than 75 years. Reductions in cardiovascular deaths would greatly outnumber deaths averted from cancer or diabetes.
Results
We estimated that the reductions in nutrient intakes, if the food reformulation targets were met in full, would avert a total of 798 deaths (95% CI: 483 to 1107) attributed to noncommunicable diseases in 2016 (Table 4 ). The greatest reduction was for cardiovascular disease, accounting for 692 deaths averted (95% CI: 377 to 999). Achieving the industry targets for food reformulation would avert more deaths among women (526; 95% CI: 348 to 698) than men (272; 95% CI: 132 to 409). Reduction in salt intake made the biggest contribution, accounting for 610 deaths averted (95% CI: 215 to 840) compared with 261 deaths averted (95% CI: 238 to 305) due to reduction of sugar intake and none due to elimination of trans-fat. Of the total noncommunicable disease deaths averted in 2016, 248 (95% CI: 178-318) were premature deaths. Fig. 1 shows that the risk of premature noncommunicable disease death fell from nearly 17.5% to 11.1% between 1990-2010, but remained at 11.1% up to 2016. The SDG target of reducing deaths is 8.3% by 2025 and 7.8% by 2030. The weighted projection estimates a risk (or probability) of death of 11.0% for both 2025 and 2030 based on current trends. Our model shows that the 248 averted premature deaths achieved by fully meeting the food reformulation targets in 2016 would reduce the risk of death to 10.7%. Neither the current weighted trend nor the new projection (assuming that industry targets were met) was set to meet the SDG targets for years 2025 or 2030. The unweighted projection line was the only one crossing the thresholds by the agreed deadlines. WHO data from recent years 28 suggested that there would be no further reduction in the risk of premature noncommunicable disease mortality given current trends.
Discussion
Our model predicted that eliminating trans-fats and reducing salt and sugar consumption in the Portuguese population, in line with the food industry co-agreement targets, would have averted 798 deaths due to noncommunicable diseases in 2016, of which 248 were premature. These deaths averted are not sufficient to significantly alter the trends in premature mortality in Portugal or achieve the 2025 and 2030 SDG targets for reduction of premature noncommunicable disease mortality. The Global Burden of Diseases project of the Institute for Health Metrics and Evaluation also publishes mortality projections, 29 considering three scenarios (reference, better and worse), although not exactly for the same age groups as ours. Their projected worse scenario is similar to our current weighted linear regression projection, while the reference and better scenarios both lie between our weighted and unweighted linear regression projections. Global Burden of Diseases forecast scenarios do not vary much up to 2020 and it is only after that point in time that there is a marked difference in scenarios. How the Institute generates their better scenario is unclear, but the interventions we analysed (reformulation targets for sugar, salt and trans-fats) may be just one of many potential public health interventions being implemented that The model which we used to estimate deaths averted due to food reformation does not use SD of mean total energy intake in the calculations. b For the age group 85+ years we used the same estimates from the previous age group (80-84 years) as the Portuguese National Food, Nutrition and Physical Activity survey only included the population up to 84 years of age. Notes: The proposed co-regulation agreement between the Portuguese health ministry and the food industry sets targets of reducing sugar by 20%, salt content by 16% (30% for bread) and < 2 g trans-fatty acids per 100 g of fat in a range of products by 2021. The projected (counterfactual) values assumed that the co-regulation targets set by the ministry were fully met. We weighted dietary estimates according to the complex sampling design, considering stratification by the seven Portuguese geographical regions and cluster effect for the selected primary health-care units. 25 Sources: We obtained baseline data on dietary consumption (24-hour recall) from the Portuguese National Food, Nutrition and Physical Activity Survey in 2015-2016. 24 Data on age and sex distribution of the population were provided by the Portuguese directorate general of health.
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can help move current trends to the best scenarios. Several countries have published the results of voluntary industry agreements to promote food reformulation. [9] [10] [11] [12] [13] [14] [15] The majority of these studies evaluated the impact of reformulation on nutrient intake rather than on health outcomes. An evaluation of the Australian Food and Health Dialogue targets showed modest reductions in the sodium content of bread (9%; from 454 to 415 mg/100 g), breakfast cereals (25%; from 316 to 237 mg/100 g) and processed meats (8%; from 1215 to 1114 mg/100 g) between 2010 and 2013.
14 Evaluation studies in the United Kingdom also showed that these strategies might be effective in achieving important reductions in the salt content of food. Reductions of 57% (from 0.95 to 0.41 g/100 g) and of 25% (from 0.77 to 0.58 g/100 g) in the salt content of breakfast cereals and sweet biscuits, respectively, were observed between 2004 and 2011. 10 In terms of health outcomes, interventions focused on salt reduction in food tend to perform favourably. 15, [30] [31] [32] [33] Estimation of the potential health gains of the Australian food reformulation programme to reduce the salt content in processed foods, implemented since 1989, has shown the potential to avert a total of 5300 disability-adjusted lifeyears. 20 A modelling study using data from the Framingham Heart Study in the United States of America suggested that a food reformulation programme to reduce sodium intake by 9.5% could increase quality-adjusted life-years by 2.1 million over current adult lifetimes. 34 An Argentinian modelling study suggested that reducing sodium in processed meats, cheese and dairy products, soups, cereals, cookies, pizza and pasta by 5-15% could avert 19 000 deaths from all causes over a decade. 35 Researchers have argued that packaged Notes: The proposed co-regulation agreement between the Portuguese health ministry and the food industry sets targets of reducing sugar by 20%, salt content by 16% (30% for bread) and < 2 g trans-fatty acids per 100 g of fat in a range of products by 2021. We modelled the reduction in premature mortality attributed to noncommunicable diseases that would be observed if the co-regulation targets set by the health ministry were fully met. The population of Portugal in 2016 was 10 309 537. We included all individuals older than 15 years (8 873 828 people). The results were obtained from the Monte Carlo analysis (10 000 simulations). Sources: We obtained baseline data on dietary habits (24-hour recall) from the Portuguese National Food, Nutrition and Physical Activity Survey in 2015-2016.
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foods are the priority categories for salt reformulation. 30 These findings are aligned with previous work suggesting that reformulation can achieve health gains. However, data from previous modelling studies suggests that mandatory approaches generate more health gain than voluntary agreements. 20, 30, 32 A study in Australia has estimated that health gains from mandatory measures could be 20 times higher than voluntary interventions. 20 Despite the importance of these data for implementation of healthy eating policies, our study is not without limitations. First, to generate weighted trend lines we used the same statistical approach that the Portuguese health ministry uses for routinely assessing mortality projections. However, the formula heavily discounts older data. As such, the weighted projection may have been overly-pessimistic. Nevertheless. this approach is the national standard that has been used in other national plans and publications. [36] [37] [38] There is a risk that the slowing rate of decline in noncommunicable disease deaths is an artefact. However, there are several reasons to believe that the rate of decline is slowing, due to stalled improvements in cancer and cardiovascular disease mortality 39 and the impact of the Portuguese financial crisis in 2011-2014.
Second, the Preventable Risk Integrated ModEl is a cross-sectional model and its strengths and weaknesses are well documented. 27 Our study fails to reflect major reductions in morbidity associated with reduced consumption of salt, sugar and trans-fats. For example, sugar reductions would impact childhood obesity or diabetes, but these gains were not captured in the analysis. Due to very low population intakes of trans-fats in Portugal, 24 complete elimination of trans-fats in processed foods did not avert any deaths in our model. It is possible that deaths may have been averted, but that the modelling tool we used did not capture them. Our study only examined the impact of reformulation on mortality from the four major noncommunicable diseases and will therefore underestimate the true reduction in deaths. We also failed to capture reductions in noncommunicable disease morbidity and mortality that extend beyond 2030. These issues mean that the model underestimates the true population health impact. The modelling tool is not designed to directly model the impact of trans-fat changes, except through the changed in percentage of total energy from total fat. Again, this will lead to underestimates of deaths averted.
The biggest limitation of the modelling tool we used is that it provides an estimate of the number of deaths that would have been averted if the targets had been fully realized in one year (2016 in our study), rather than projecting how many lives would have been saved over the period of roll-out. It is likely that 248 premature deaths would be averted in every year where consumption of salt, sugar and trans-fats were reduced in line We estimated deaths related to sugar and trans-fats using change in energy intake. Due to the design of the Preventable Risk Integrated ModEl tool we were unable to obtain estimates of the total number of baseline or counterfactual deaths attributable to the individual nutrients. Notes: The proposed co-regulation agreement between the Portuguese health ministry and the food industry sets targets of reducing sugar by 20%, salt content by 16% (30% for bread) and < 2 g trans-fatty acids per 100 g of fat in a range of products by 2021. We modelled the reduction in premature mortality attributed to noncommunicable diseases that would be observed if the co-regulation targets set by the health ministry were fully met. The population of Portugal in 2016 was 10 309 537. We included all individuals older than 15 years (8 873 828 people). Sources: We obtained baseline data on dietary habits (24-hour recall) from the Portuguese National Food, Nutrition and Physical Activity Survey in 2015-2016. 24 Baseline data on mortality and the age and sex distribution of the population were provided by the Portuguese directorate general of health.
with the co-regulation targets, all other things being constant. Finally, some of the baseline parameters used in this study are likely to underestimate true levels of consumption. We used data from the most recent national dietary survey using self-reported assessment. However, the gold standard for salt assessment is 24-hour urine excretion, as food consumption questionnaires tend to underestimate salt intake. To get a more accurate picture we recommend that the Portuguese health ministry uses 24-hour urine excretion values for monitoring and evaluation of the outcomes of the food reformulation agreement.
Policy implications
The Portuguese health ministry had attempted a salt-related co-regulation agreement in the past. However, due to the lack of objective evaluation tools there was no appropriate follow-up and therefore no evidence that effective reformulation of processed foods had taken place. 40 Our model suggests that fully meeting the reformulation targets could avert approximately 250 deaths per year. This figure underestimates the true number of diet-related deaths that would be averted and does not capture the morbidity averted from dietary improvements. Due to their limited impact on premature mortality, we suggest that co-regulation agreements should form part of a broader package of diet policies. These policies might include food labelling, improving the public's health literacy and environmental interventions, such as health-related food taxes, all of which have been shown to be more equitable and cost-effective than microlevel interventions. 18, 41, 42 Portugal is currently not on track to reduce premature noncommunicable disease mortality by a quarter by 2025 or by one third by 2030. Fully achieving the industry reformulation targets is not likely to change this outcome. Our modelling study suggests that the Portuguese industry co-regulation agreement will save lives. However, the overall impact on risk of premature noncommunicable disease deaths is small.
Co-regulation agreements with the food industry, enabled by strong government leadership, with rigorous monitoring might be an effective strategy to change food environments, mitigate risk factors and improve health status. However, we argue that voluntary agreements are insufficient on their own and need to be accompanied by interventions to improve dietary consumption patterns and population health. ■ Notes: The chart line shows the actual data for probability of premature noncommunicable disease mortality from 1990 to 2016 (latest available data). The 2010 risk is the baseline from which the 2025 and 2030 targets are calculated. The unweighted regression line suggests that Portugal will meet both targets before 2025. However, the weighted projection that accords more value to recent data suggests that the risk of premature mortality has stopped declining and will increase towards the 2010 level over the coming 15 years. If the industry co-regulation targets were met in full in the year 2016 then the risk would be lower but, even with these reductions in deaths, the trend will still not reach the 2025 or the 2030 targets. Source: We obtained baseline data on all-cause mortality and mortality from major noncommunicable diseases (circulatory system diseases, diabetes, malignant neoplasms and chronic respiratory diseases) and the age and sex distribution of the population from the Portuguese directorate general of health. We modelled the change in risk of premature noncommunicable disease mortality from 1990-2016 using linear regression, making projections for the upcoming years. Using the number of estimated averted deaths using the Preventable Risk Integrated ModEl tool, the current population structure (2017), and mortality distribution per causes of deaths and 5-year age groups (2016). We estimated the final unconditional probability of death for 2021 using the life- 
Resumen
Modelización de los impactos de la corregulación en la industria alimentaria sobre la mortalidad por enfermedades no transmisibles, Portugal
Objetivo Modelizar la reducción de muertes prematuras atribuidas a las enfermedades no transmisibles si se cumplen los objetivos de reformulación de los alimentos procesados acordados entre el Ministerio de Salud portugués y la industria alimentaria. Métodos El acuerdo de corregulación de 2015 establece objetivos voluntarios para reducir el azúcar, la sal y los ácidos grasos trans en una serie de productos para 2021. Se obtuvieron datos gubernamentales sobre la ingesta alimentaria en 2015-2016 y sobre la estructura de la población y las muertes por cuatro enfermedades no contagiosas principales en el periodo entre 1990 y 2016. Se utilizó la herramienta Preventable Risk Integrated ModEl (Modelo integrado de riesgos evitables) para estimar las muertes que se evitarían si se cumplían plenamente los objetivos de la reformulación. Se proyectaron las tendencias futuras de las muertes por enfermedades no transmisibles utilizando modelos de regresión y se evaluó si Portugal estaba en camino de reducir las muertes prematuras de referencia por enfermedades no contagiosas del año 2010 en un 25 % para 2025 y en un 30 % antes de 2030. Resultados Si se cumplieran los objetivos de la reformulación, se proyectó una reducción de la ingesta de sal en 2015-2016 de 7,6 g/día a 7,1 g/día; de la energía total de 1911 kcal/día a 1897 kcal/día debido a la reducción de la ingesta de azúcar; y de grasa total (% de la energía total) del 30,4 % al 30,3 % debido a la reducción de la ingesta de grasas trans. Este perfil de consumo resultaría en 248 muertes prematuras por enfermedades no transmisibles menos (IC del 95 %: 178 a 318) en 2016. Se estimó que la plena aplicación del acuerdo de la industria reduciría el riesgo de muerte prematura del 11,0 % en 2016 al 10,7 % en 2021. Conclusión El acuerdo de corregulación podría salvar vidas y reducir el riesgo de muerte prematura en Portugal. No obstante, los efectos previstos sobre la mortalidad son insuficientes para alcanzar las metas internacionales.
